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ABSTRACT

Work was contipued on the synthesis of poiy(f-alkyl-p-
styrene sulfonate) salt corrosion imhigitors. A synthesis
plan was followed which resulted in the synthesis oif lauro-,
palmito-, and stearophencne; octyl-, undecyl-, pentadecyl-,
and heptadecyl-~phenyl-carbinecl; BS-heptyl~, S-decyl-,
p-tetradecyl~, and f-hexadecyl-styreae; and poly(p-heptyli-
and p-hexadecyl-styrene}. Emphasis placed on the jmprove-
ment of synthesis and apalytical procedures resulted im
significani progress. Results obtained froz three poly-
merization zttempts were useful in the solution of a
major contamination problem encountered previocusly, but
these results did not contribute to the formation of
higher mclecular weight polymers.

ii

fa )




e ad o 4

h)

ST A e A iy e a - T A

FOREWORD

Tae work discussed ic this report was performed under
DA Project 1G062105A109, AMS Code 5025.11.803, "Corrosior
Preventives and Specialty Compounds."” The work unit
title was ‘Developmént of an Improved Corresion Preventive
with Additives Having Single and Multiple fdscrption
Groups.*" The information obtainred and the techniques ad-
vanced in this study wiil lead to the development of new
corrosion inhibitors and result in the formulation of im-
proved corrosion preventives.
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BACKGROUND

Tae work ccntinued during the second year of 2 two-
vear contipuaing project is covered ir this report. The
resuits obfainad during the first year of work are pre-
sented in Science and Technology Laboratory Techaical
Report 69-111 entitled “Development of Muitiple Adsorp-
tion-Gzoup Corrosion Inhibitors: Prelieinary Results of
the Synthesis of Poly(f-Alkyl-p-Styrene Sulfonate) Salts."l
In this report, the synthesis plan was completed fer
B-hexadecyl-styrene and was carried through to n-octa-
phenyi-carbinol for S-heptylstyrene, to laurophercne for
g-decylstyrene, and tc palmitophenone for B-tetradecyl-
styrene.

The syvonthesis cf poly(8-hexadecyl-p-styrene-sulfonate)
salis revealed the weak points in the synthesis plan.
These weakresses occurred in the polymerization and sul-
fonation sSteps.  The polymerization siep resulted in a
polymer -of only two to ‘three units rather than in a de-
sired polymer of two-hundred monomer units. Sulfate resi-
due apalyses of the products gave an apparent result that
indicated three sulfonate groups on each phenyl ring of
the polymer. This result was inconsistent with infrared
analyses which indicated that only omne sulfonate group
was oresent on each phenyl riag.

APPROACH

Work was continued on the synthesis plan presented
in Figure 1. Although octyl phenyl carbinol, laurophenone,
palmitophencne, and stearophkenone were availavle from pre-
vivis syntheses, ithey were not presest iy sufficient auan~
tity to ensure a large yield of end product. DIlcaivse ad-
di*ionz]l quantities were needed for subsequent syntheses
and bpecausse a new purificacion procedure was initiated,
the previously formed compouands were combined with the
new raterials for the sake of uniform purity.

Bmphasis was placed on increasing the reacticn yields
ana on developing a more efficient purification technique.
The yields of Reaction-Steps 1, 2, and 3 were excellent;
however, the yields of Reaction-Step 4 were from only 20
to 40 percent of theoretical. Purification was accomplished
in earlier syntheses by recrystallization uand fractional
recrystallization techniques, and recovered by filtration
or centrifugation. The compounds were relatively pure;
but {the significant eifort expended in purifying these
compounds by these methoads and the attendant time loss
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iacurred hampered progress, The obvious solution was
believed to be high vacuum distillation.

The primary areas of concern were the polymerization
and sulfonation steps. A solution to the problems ex-
perienced on these steps was essential to the future of
this work. To solve these problems, it was assumed that
the reaction would proceed under ideal conditions with no
complications. Both reaction meibods were proved success-~
ful by other workers on nonalkylated styrenes and poly~
styrenes.2,3 Even though polymeriz«tion of B-alkyl-
styrenes can be serionusly questioned on grounds of steric
hindrance, it was believed that sufficient work had not
been performed to establish such a conclusion. With this
in mind, it was decided to improve the r ~action techaique
and to incorporate changes that might red..ce contamination
rather than adopt another polymerization m thod. The
sulfonation problem was second in priority .» the polymer-
ization problem aad, as a result, was not aiicked di-
rectly in the work included in this report. hwever, the
solution to this problem alsc is suggested in t e con-
clusions of this report baSed on the results gai. ed in
the polymerization investigation.

EXPERIMENTAL PROCEDURE

Synthesis

The reaction-step series followed is outlined in
¥igure 1. Detailed descriptions of reaction procedure ar-
presented in Appendix A. The source and purity of the
chemicals used in the reactions are presented in Table I
of Appendix A. No changes were made in the detailed pro-
cedure used in pre' lous syntheses for Reaction-Steps 1,

2 and 3. For improvement of the yields of Reaction-Step
4, a reaction-distillation procedure was instituted in
which the product, in this case B-alkylstyrene, was dis-
tilled from the reaction mixture as soon as it formed.
Although this method resulted in a more complicated pro-
cedure and additional apparatus, it also resulted in less
complicated post-reaction procedures. It was obvious
that the equilibrium of the reaction would require a2 shift
to the right. Removal of the product offered the only
soclution and was easily accomplished because the styrenes
had lower hoiling points than those of the respective
reactant carbinols.

The procedure in the first two polymerization re-
actions was changed onliy slightly from previous polymer-
ization attempts. The third polymerization, to form
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B-heptylstyrene, was different in that no silicone lubri-
cant was used where it might contaminate the reactant
solution. This step was obvious after analysis of the
infrared specira of the first two polymer products dis-
played absorpiicn bands typical of functional groups
present in silicone lubricants. . '

No sulfonation reactiions were conducted.

Isclation and Purification

The preliminary isolation and purification steps
taken immediately after the reacticns were similar to
those-used previously.J) However, in the final step, all
the products were distilled under high vacuum and isolated
into four fractions. The majority of the product was
collected as fraciion iaree ovf each distillation. This
material was then used in subsequent reactions. The dis-
tillation of the polymerization product was divided into
the distillate and residue, the residue being the polymer
and the distillate the remaining monomer.

Analyses

Molecular weight¢ determinations were made with a
Mechrolab Model 302 Vapor Pressure Osmometer. The detor-
minations of the index of refraction of liquid produr cs
were made with a Bausch and Lomb Abbe-5€ Refractome’er.
Gailbraith Laboratories? provided elemental analys’.s.
Infrared analyses were conducted wiih a Perkin E).er 621
Grating Infra-Red Spectrometer.

RESULTS AND DISCUSSJYON

The properiies and the resulis of ana”yses of the
compounds synthesized in this work are pr..sented in Table
I. Infrared specira of the compounds ar: indexed in
Table 1 and can be found in Appendix B

Reactior-Steps 1, 2, and 3

As in the previous syntheses,l Reaction-Steps 1, 2,
and 3 were carried out for all four styrenes without
complications., Meliing and poiling points for the four
compounds in each step are internally consistent and cor-
respond favorably witk the few values found in the
literature.”-1
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incurred Rampered progress. Tte obvicus solution was
bexlieved te be nizd vacuua distillation.

The primary arezs of concern were the polymerization
and spifongficn steps. 4 solution to the problems ex-
perienceé on these steps was essential to iheé fature of
tkis work. To solve thiese problems, it was assumed fhat
the reacticn would proceed uvnder ideal conditioas witk no
coaplicatzons. Both reaction Fethods were proved Success-
ful by other workers on nozzlkylated styrenes and poly-
styrenes.2,3 Even thocugh polymerizaticn of p-alxyl-
styrezes ¢as be-seriously questioned or grounds of steric
kigdrapce, it was believed that sufficient work bad not
been performed to esiablish Such a. con(1u51cz. ¥ith this
iz ming, it was decided to impreve the Teaction techiique
and to incorporate changes that might reduce contamination
rather thac adept another polymerization method. The
suifosarion probles: was secead ia priority to the polymer-
ization prablez and, as a result, was not atfacked di-
rectly i: the work 1nc1u3&3 in this report. Eowﬂver, the
zolution to this problen also is suggested in the con-
nluaxgnz cf this report based on the results galned in
the polymarization investigation.

EXPERTMENTAL PRCCEDURE

Sznthesis

The reacticn-step series followed is outlined in
Figure 1. Detailed descriptions of reaction procedure are
presented in Append4x 4. The source and purity of thne
chericals used ir the reacticns are presented in Table 1
of AppendixX A. XNo changes were made in the detailed pro-
cedure used in previous syntheses for Reaction-Steps i,

2 and 3. PFPor improvensrct of the yields of Reac*ion—Step
4, a reaction-distillatior procedure was instituted in
Whlch the product, in this case p-alkylstyrene, was dis-
tilled from the reaction mixture as soon as it formed,
Although this method resulted in a2 more ccmplicated pro-
cedure and additional apparatus, it also resulted in less
complicated post-reaction procedures. It was obvious
that the equilibrium of the reaction would require a shift
to the right. Removal of the product offered the only
solution and was easily accomplished because the styrenes
had lower boiling poiuts than those of the respective
reactant carbinols.

Tne procedure in the first two polymerization re-
actions was changed only siightly from previocus polymer-
ization attempts. Th2 third polymerization, to fornm

e
e e T v e B e e T & et i g A E o S AP

S

o




o - - e e e e e p—— A s st A, gl S LI N =

B-heptylsiyrene, was different Zn that no silicome iubri-
cant was used where if might cantam1nate the reactant
soiuticn. Thais siep was obv;ous after analysis of the
infrared spectra of the first two polyner products dis-
pnlayed absorptzca baads typical of functional groups
present ip silicone lubricants. .

No sulfonation reaciions wsre conducted.

Isolation aand Purification

The prelimigary isolation and purification steps

- taken. immediaiely after the reactions were similar €o
those useqd previously.l However, in the finil step, all
the products were distilled under high vacuum and isolated
isito four fractiops. The majority of the product was
collected as fraction tiaxee of each distillation. This
naterial was then used in subsequent reactions. The dis-
tillazion of the polymerization produci was divided into
the distillate and residue, the residue being the polymer
and the distillate the remaining monomer.

Auvalyses

Kolecular weighi determinations were made with a
Mechrolab Model 302 Vapor Pressure Osmometer. The deter-
minations of the iundex of refraciion of liquid products
were made with a Bausch and Lomb Abbe-5€ Refractometer.
Gailbraith Laboratories® provided elemental analyses.

" Infrared analyses were conducted with a Perkin FElmer 621
Grating Infra-Red Spectrometer.

RESULTS AND DISCUSSION

The properiies and the resulis of analyses of the’
compounds syathesized in this work are presented in Table
I. Infrared spectra of the compounds are indexed in
Table I and can be found in Appendix B.

Reaction-Steps 1, 2, and 3

As in the previous syntheses,l Reaction-Steps 1, 2,
and 3 were carried out flor all four styrenes without
complications. Melting and boiling points for the four
compounds in each step are internally consistent and cor-
respond favorably with the few values found in the
literature.v~
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The infrared specira for théss compounds (Appendix B)
have the important absorpiion bands marked with a diagram
of the rcspons‘ble functienal group.

Note should be made of an interesting set of distinact
absorption bands between 1160 and 1340cm~l present in the
specira of laurophencone, palmitophenone, and stesarophenone.
These bands represent -CHo- group deformations and are
similar tc the -CHg~ absorption bands_of long chain
aliphatic carboxylic acids and soaps.15 For these com-
pounds, the number of absorption peaks in this region is
indicative of ihe pumber of ~CHop~ groups in the chain,
Thab, of course, is -directly related to the molecular

eight of the ccmpound.

Szep 4

The reaction technique described in Appendix A re-
sulted in a threefold increase in the y1¢1d of p-alkyl-
styrenes over that which was recovered in previous at-
tempts.® All of the analyses were consistent and showed
the compounds to be of kigh purity. Infrared analysis
showed them fo be B-zlkyl styrernes with tha phenyl group
located trans to the alkyl group across the ethylene bond.

Step 5

Polymerization reactions were conducted with p-hexa-
decylsiyrens, p-decylistyrens, and B-heptylstyrene. The
products of these reactions were distilled under high
vacuunr to remove any remaining monomer or other low
molecular weight producis, Distillation of the B-hexa-
decyl product did not pzoduce a distiliate, whereas dis-
tillation of p-decylsiyrene resulied in complete dis-
tiliation at the boiling point of the monomer. Ninety
percent of the product c¢f the S-bepiylstyrene product dis-
tilled over at the boiling peoint of the monomer. The
residue was a clear, colorless yviscous liquid.

Meolecular weight determinations conducted on the
distiilation residue of the p-~hexadecylstyrene and on the
p-hepiylistyrene polvmerizaiion reactions indicated that
they had, indeed, polymerized. but only fo the extent
that dimer compounds probably formed.

Infrared analyses conducted on the B-hexadecylstyrene
and on the B-decylstyrene pelymerization products deter-
mined that the former had no unsaturation in the alkyl
rhain and thet the latter had only approximately 25 per-
cent of the monomer unsaturation concentration. This was
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deternined by comparison of the pezk height of the 965cm™1
band, indicative of the trans ethyleric bond, to the con-
stant height of ths 710cm~ 1 band, indicative of the phenyl
group. The infrared spectrum of the B-heptylstyrene poly-
merization produci before distillation (Spéctrum XV) was
almost identical to the spectrum for B-heptylstyrene
{Spectrum IX). except for the slope of a line drawn from
the 865cm-1 peak to the 710em~l peak. The slope of the
monomer Spectrum was zero, whereas that of the polymer-
ization reaction product was -0.037. This indicated that
a loss of unsaturation occurred. After distillation,

the spectra of the residue (Spectrum XVII) and distillate
{Spectrum XVI} were compared with the spectrum of the
mixture (Spectrum XV) before distillation. The spectrum

.of the residue, a2 clear v1scous liquid, did not display

an unsaiuration peak at 965cm~!. The spectrum of the
distillate, a clear, colorless, less viscous ligquid, was
identical in every respect to that of the monomer spectrum
{Spectrum IX}. Thus, the molecular weight determinations
and infrared analyses on the polymerization reaction pro-
ducts of B-hexadecylstyrene and. B-heptylstyrene substan-
tiate that ibe polymers poly(p-hexadecylstyrene) and

poly (B-heptylstyrene) were formed and that they were com-
posed of 2.3 and 1.8 monomer units, or that unspecified
dimer molecules were found instead. The infrared anal-
ysis of the product of the B-decylstyrene polymerization
reaction and the boiling point of the distillate indicated
that the monomer and, probably, the saturated monomer were
the remaining products. In this reaction, very little,

if any, polvmerization regulted, even though the monomer
was activated. The activated monomer was deactivated

upon the additicn of water to form dodecyl benzene. It

is believed that the polymerization did not proceed be-
cause of an excessive amount of activated monomer, which
in turn was due {o an excessive amount of sodium in the
polymerization vessel., This would also account for the
conversion of approximately 75 percent of the beginning
monomer to the saturated form.

In the discussion section of a previous report,1
several possible causes for the low molecular weight of
the polymers then being investigated were listed. OCne of
these causes suggested the presence of impurities that
might deactivate the activated monomer or polymers pre-
sent. An examination of Spectra 8, 9, 10, and 11 of that
report clearly indicates that an impurity was present.
Very strong abscrption bands, which cannot be associated
with apy of the structures of the monomers or polymers,
appear as a sharp, strong band at 1270cm~1 and as two
broad bands centered at 1100cm-1 and 1040cm-1 that merge
<0 forT one large band, and a strong, sharp band at
815cm™ The same peaks appear in the spectra of the

R e af T o e, s o T e T ST R
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pelymerization producis of p-decylSiyrene {Spectrum X}
and of poly(B-hexzdecvistyrenej 4Spectrum XI1I} discussed
in this report. These peaks ari definitely caused by the
pressnse of silicone lubricant, 4 4 speciram of the
siliceone lvbricsnt used inm the spparaius of these poly-
merization reacticns shows very sirong bands at the fre-
quenciss listad above.

The poiymerization of B-heptylsiyrene and the subse-

-~

ni separation procedures were conducted without the
se¢ of silicone lubricant. Oniy in the distillation of
The product was silicone iubricant used, but here it was
sed very sparinglv. The resuwit wzs a silicone-free dis-
tiilate and residue as displayed by the absence of ab-
sorption pezks at 1270, 110C-100C, and 815c¢cm™* in the
specira of these compounds,

3

*Q

(51
D D
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The consa2guences of silicone polymers contamination
ware that the molecular weight of poly{p-hexadecylstyrene),
discussed #n $his zeport, dis too high, as were ihe molecular
weights detsruined for any of the polymers synthesized
previous to the polymsrizstion of B-heptylstyrene. In
sddition, this sccounis for the high vaiues obtfained in
the sulfate residue apzlysss conducted on the salts re-~

- poried previously.l A move insidious consequence is the
possible poisoning of the polymerization complex with a
resultant decrease in itbe mclecular weight of the polymer.
The spectrum of the lubricant displays a hydroxyl absorption
peak (370Gcm-1) ithat is either due to a hydroxal end group
on tke lubricant molenule or entrained water. In eithex
situation, the sodium-sciivated polymer complex would be
poizoned. In zhe former condition, the silicons lubricani
could combine with the activated polymer as an end group
and in the laiier condition the water would diiute the
rowplex, The fact that the ludricant did noi significantly
aiter the sxtent of polymerization is indizsted by the
comparable molecular weighis of poly{p-hepiylstyrene) and
the earlier polymerizariun products that contalned silicone
lubricant. The siightly higher values thatv these compounds
dizplaved were probably due to molecular weight coniribu-
tions of the silicone polymer impurities and should not be
tzken 1o represent polymers ithat have silicone end groups,

CONCLUSIONS AND RECOMMENDAT XONS

No problems were encountered in the prepolymerization
sgar hicn.sevs of the reaction plav (Figure 1); zlso the
a'ds -f Rezstion Siep 4 ror the g-alkyilstyrenes were
mproved “free- to foarfold. With ihke discovery that
Ya-nne lubricant was covtaminating the polywmevizaion
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product and the sulfonate salts of these products, a major
problem was solved. However, the very limited polymer-
ization of the uncontaminated polymer would indicate that
the p-alkylstyrenes are difficult to homopolymerize by

the Living Polymer method. For attainment of effective
multiplie-adsorpticn corrosion inhibitors, the polymers
should be at least four monhomer units. in 1ength15 and
should probably be from six to possibly 100 units long.
For clarification of this proilem, several additional
polymerization attempts, iacludiusg a conirol polymerization
with styrene, will have to be run. It is believed “that

if very limited homopolymerization contipues, copolymer
polymerizations involving styrene and the p-alkylstyrenes

should be attempted.

In lieu of any sulfonation réactions (Step 6) since
those previousiy reported,1 no additional information has
been gained that would support their probable success.
Even so, the infrared spectra (Spectra IX, X, and XII)
of the coataminated sulfonate salts previously reported1
show definite absorption peaks which indicate that they
are monosulfonated in the para position only.

It is concluded that once the polymerization is
modified, or the reaction method changed, to yield polymers
of desired molecular weights no problem should be en-
countered in synthesizing the corrosion inhibiting polymer
end products. The products,if attained, should alsc show
promise as lubricity agents. Since work proposed in FY70
is concerned with polymeric lubricity agents, it is recom-
mended that the work to synthesize poly(p-alkyl-p-styrene
sulfonate) salts be continued into FY70.
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APPENDIX A

DETAIIED EXPERIMENTAL PROCEDURE :

The source aad purity of the chemical reagents used
in the reactions are presenied below ip Table X.

" TEELE X

SOPRCE AND PURITY OF CHEMICAL REAGENTS

Reagggz Source
Steavrirs Acid Fisher
Palmizic¢ Acid Fisher
Lauéic Acid Esstmau
Nonancphenone Eastuan
Th._ony: Chioride Fisher
Berzsae Fishexr
Alux2naz Chloride Fishar

{anhvd?
E<hy} Efher Fisher

Latvhiua Aleripum Hydride Alfa JInorgarics

Pcotassium Bistlfate Fisher
Napirthalene Xastman
ferragvdrofuran Fisher

Asl of the crsagents except thionyl chloride,
vz rahvdrofuran, and nomanophenone were used
vir.ficarion., Thionyl cbloride was purified

10

Purity

.Fisher *Reagent Grade”

Fisher "Reagent Grade"
Eastipan "Grade"”
Eastman "Grade”
Fisher "Reagent Grade"
fispzr "Rezgent Grade"

Fisher "Caxsified Grade™

ACS Specification
"Reagent Grade"

Fisher "Certified Grade"
Ezstman "Crade'

Fisher '"Reagent Grade"

benzene,
without further
by distillstion

© N by




2 o i, e e i v i~ e« s S . « W

irom guinolize urnder vacnuﬁ. Benzene was stored with Safe
Potassiun and distilled to remove remzining water azeo-
tropicaily. 7Teirahydrofuran was purified by treatment
with 1itkium zlumisum hyvd-ide followed by Jdistillation inm
an argon a2t=mosphere. Nonanophenone was purified by dis-
tillation under high vacuum.

The deiailed procedure folicwed in each chemical-re~
action is recorded b=2lew. 2Bach reaction is reierenced by
the step numter aad chkemical equaticn presented previously
in Figure 1. Ground-glass jointed glassware sealed with
Dow Corning High-Vacuum Grease Siliccme Lubricant was used
for the reactiodns, distillztions, and stcrage of materials,
unless otherwise poted.

Step 1: 16  RCH,COOH + S0C1;——> RCHoCOCL + SOp + KHC1

STOICHIOMETRY
Reaction Product S0C1l, (moles) RCHoCOCH (moles)
Lauroyl Chloride - 1.04 0.51
Paimitoyl Chlorides 0.95 0.41
Stearoyl Chloride 0.91 0.36

The reaction was conducted jin a 250-milliliter, two-
necked, flask,fitted after the introduction of the acid,
with a water-cooled reflux condenser and a pressure-equal-
izing addition funnel. Before the addition of thionyl
chloride to the funnel, the system was purged of atmos-
pheric gases with anhydrous argon. Thionyl chloride was
then poured into the addition funnel and subsequently
allowed to drip over a ten-minute period into the flask,
The mixture was heated to a temperature at which the acid
melted and then allowed to remain at this temperature until
the evolution of hydrogen chloride and sulfur dioxide gas
had subsided. The solution was then heated to reflux and
allowed to cool; the condenser was arranged for vacuum
(water aspirator) distillation; and the excess thionyl
chloride, hydrochloric acid, and sulfur dioxide fumes
were distilled from the product remaining in the flask,

The aryl chloride product was then recovered by high-vacuum
(0.610 - 0.020 mm Hg) distillation into a receptacle flask
cooled with dry ice. Yields ranged from 96 to 96 percent
of theoretical.

11
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Ster 2. 7 RCHnLOC: + Cglg _‘gi_‘g;ﬁé RCH,C0CgH; + HC1
STO3CHIOKESRY '
Rzaction ¥F~educt RCHoCOCE {moles? C5lg {=oles) A1Ci3 (moles}
lanropﬁe#ene e .50 4.3 1.25
Palmiicphenoae .39 4.2 1.25
Stezropkzrocre 0.34 £, % 1.25

Tk=z rezction was counducied in 2 fouvr-necked, 2006

mi.z3i3iter, rcund-boitomed, fizsk, fitited with a thermom-
ter, 2 mator-drivem stirrer, 2 gas inlet tube, and a2

wo-tecked adzgter which was in $ura fitied with a funnel
aud & waisr-coolsd reflux condenser. The systenm was flamed
whkile atmmozzkeric gases were purged with a stream of argon
gas. A berxzene soiuiiosn of the scid chicride was poured
ipto the f3ssk 12 izrge excsss of vsnzsnz was used te re-
auce ibe probability of double aryiatica of cne benzens
ring}, azd the flask znd it{s conisnis were coolied fn an
ice-water Hath. Aluminem chlcride powder was slowly added
ever a paricd of one hour. The xdxiure was ithen warmed
f0 609C, cuoled. znd povred with siirring into a beaksr

-
- - - .

contsiaing itwo kilograms of ice and 200 miiiilitezrs of
concentraied hydrechleric acid. As soom 28 the ice melted,
tht Derzecy _[tzsSe was recovered, washesd with dilutie aguweous
hydroshliowic zc distillied waigy, and dilute sodium hy-
deoxads zolLtiom Upocr zdditioz of the hwdroxide, a
ws1ts, gelatinous susperpsion formed., This was rewmoved by
csatrifagation and discarded {ihe precipitate was assuwmed
0 b2 -hs scdium sali of the aikyld szcids that forwad by

ke hyisolysiz of the respective zryl chlorides by atmos-
rharic water). The clear benzene selaiion was then washed
vvice with distilled water and dried cver magnesium sul-
fate. After a graviiy filtration, the benzene sclution

c?® the phenoue was distilled to dryness, hexane was added
o "swesp off" any remalining benzene, and the soclution was
again distilled to dryness. The producse was then distilled
under ligh vacuum and recelived into receptacle flasks
cocled »ivh dry ice. Yields ranged from 50 to 60 percent
of tteoretical. The melting points of the products com~
rared weil with those reported inm the lilerature.9-17

s
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Step. 3: 18  4RrCHpcOCeH5 + LiAlmy  Etg0  HpO

4RCH,CHOHCgHg. + LiOH + A1(CH)j

STC (CHIOMETRY
3 - Reaption Product RCH,COCgH; (moles) LiAlH; (moles)
; Octylphenyl-carbinol G.49 0.31
N Undecylphenyl-carbinol | 0.39 , 0.31
L: Pentadecylphenyl-carbinol Q.29 0.30
] Heptadecylphenyl-carbinol 0.21 0.25

The reaction was gounducted in a 2000-milliliter re-
action kettle fitted with a motor-driven stirrer, a gas
inlet tube, a dry ice reflux condenser cooled with dry ice,
and a funnel. Before entry of the reactants, the kettle
was flamed and purged of atmospheric gases by a stream of
anhydrous argon gas. Throughout the reaction, the kettle
was maintained with a slight positive pressure by a comn-
stant renewal of argon gas, Three hundred milliliters of
anhydrous ether were then added, the lithium aluminum
hydride powder was introduced, and an additional 200
milliliters of anhydrcus ether were finally added. The
funnel was replaced by a pressure-equalizing, addition
funnel containing either nonanophenone or stearophenone
in ether solution. The phenone was then added at a very
slow rate. After its addition, the reaction mixture was
stirred for one hour. This was followed by the addition
of distilled water in a quantity sufficient to "kill"
the excess lithium aluminum hydride. The white hydroxide
precipitate which formed was neutralized by a 1/1 solution
of sulfuric acid. The ether phase was then removed,
washed three times with distilled water, dried with mag-
nesium sulfate, and filtered. The product was isolated
by distillation of ether, and was purified by distill-
ation under high vacuum. Yields averaged 85 percent of
theoretical.

13
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Reaciion Preduct

g-hepiylsiyrang
E~decylistyrene
f~-tetradecy iziyrene

Bf-haxadecyistyrene

A - w‘&f?‘?‘a E‘rf.‘.‘:’w.’,_ e

RCHpCHOHCgH; o045 RCHCHCgHg + HgO

STOICHIOMETRY
RCHgCHOHCgH5 {mcles)

0.34
0.41
0.16
0.18

KiiSQ4 (moles)

1.4
1.5
1.8

1.5

The reactions were conducted in a two-~-necked, round~

hottomed flask.

One neck was fitted with a carry-over

szdapter fitted with a thermometer and a 500 milliliter

receiving flask.

The other neck was fitted with an ad-

dition funnel for the p-~heptylstyrene reaction and with
an additfon tube for the dther three reactions. The tube
was filled by melting the respective carbinol, pouring

it into the tube and allowing it to solidify. For the
rezctions, the KHSO4 was added to the flask with one
willigram picric acid inhibitor and the system evacuated
with 2 water aspirator vacuum.

added {o the KHSO4

to wet it comple*ezly°

Sufficient reactant was
The mixture was

rhen heated to a temperature at which distillation com-
menced, As the product distilled over to the receiving
flask, additional reactant was added to the reaction flask

to maintain

the distilliation at a constant rate. The

solid carbinocls were added %o the reaction by melting a
portion of the carbinol sclid in the tube with a heat

lamp. When the reaction was completed,

the distiilate

%32 dissclved in benzene, washed twice with diluvte hydro-
chioric acid, and three times with distilled water. The
then dried with calclum sulfate. Next, the
benzene was filtered and then distilled from the product.
The product was then distilled under high vacuum into

four fraciions that were stored under anhydrous argon gas

s0lution was

and vefrigerated.,

*heorenical,

14

Yields ranged from 80-90 percent of




it - - i a e —— — v e T ".‘;“.’“""‘-,;"’;f' ‘ﬁ"ﬁ"“’"""*“ e

By
N S - PRI

i+
LA

TS ia)

A

=
- %

L o - 2
Step 5: Z ReECECEHE; 2 C108% o B0 . poio(g-atuyistyrene) ’
LEE
STOICHICHBIRY

Reaction Product FCHCHCGH; (moles) Ba™CyoBy~ {molesy IHF {mecies) -
Poiy (p-hexadecylstyreze)  0.55 X 162 0.93 x 15-3 1.4 ‘
' Pozy(a-decylstyrene) 2.65 X 18-2 A10 T 1072 i.4 ‘

Poly {g-héptylistyrene) 3.37 X 1072 1,7 X 103 1.4
The reactions sere conducited in a 100-millilizer cy~ 2

lindrical kettle fitted with a four-necked cap. Dowx Cerming

Silicone lubricant wzas used irp the ground-glass joirnts for

the first t¥o reaciiors iisted zabove. Teflon tape was used

as a sealant in itke poly(8-heptylstyrene) reaction. 1ibe )
reactions were coaducted under a nositive pressure of an- P
hyédrous argon that ‘bad been dried by a =molecular seive
coluzn. The reaction veSsel was iitted with a gas inlet
tube, a gas-equalizipg addition funnel, an immeersion
thermometer, and a stirrer. Tetrahydrofuran (THF} was
distilled from LiAlH4 inzo zr erienwreyer flask contziaipg
sodiuz chips ané kept under an annydrous argon atmosphbere.
A portion of the THF was added, along with 2 smail 2oount
of molecular seive, to the2 addition funmel. The nonomery
was added to the THF in the furpel from 2 hypodermic
syringe. The catalyst was prepared in a 50-millilizer
flask fitted with a glass tube spout and glass iplet tube
arranged so that, when the spout tube was iowered into the
catalyst solution, gas pressture would transport it through
the tube into the reaciion flask. Tie meoomer was added
to the reactiion flask fcllowed by additiomal solvert to
bring the volume ic the correct level. The flask wzas

then cooled to -20°C. The catalyst was added and the re-
action allowed to continue 24 hours for poly{p-hexadecyl--
styrene), 24 hours for poly(p-decylistyrene) and 5 hcurs
for poly(B-heptylstyrene) at -20°C, -45°C and at -835°C,
respectively. The polymers were "killed® with water.

The THF was distilled from the residue and the
residue dissolved in benzene. This solution was filtered
and the benzene distilled from it. The residue was then
distilled under high vacuum and the residue and distillate
retained for anaiysis. The yields were 50 percent poly-
meriration for poly(p-hexadecylstyrene), zero percent for
poly (B-decylstyrene) and 190 percent for poly(f-heptylstyrene)

15
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